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<110> APPLICANT: Board of Control of Michigan Technological Univers 
<120> TITLE OF INVENTION: METHOD FOR ENHANCING CELLULOSE AND MODIFYING LIGNIN 

3 BIOSYNTHESIS IN PLANTS 

4 <130> FILE REFERENCE: 66040/9675 

5 <140> CURRENT APPLICATION NUMBER: 09/980,043 

6 <141> CURRENT FILING DATE: 2001-11-19 

7 <150> PRIOR APPLICATION NUMBER: PCT/US00/1 36 37 

8 <151> PRIOR FILING DATE: 2000-05-18 

9 <150> PRIOR APPLICATION NUMBER: 60/135,280 

10 <151> PRIOR FILING DATE: 1999-05-21 

11 <160> NUMBER OF SEQ ID NOS : 6 

12 <170> SOFTWARE: Patentln Ver . 2.1 

14 <210> SEQ ID NO: 1 

15 <211> LENGTH: 3232 

16 <212> TYPE: DNA 

17 <213> ORGANISM: Populus tremuloides 

18 <2 2 0> FEATURE: 

19 <221> NAME/KEY: CDS 

20 <222> LOCATION: (69).. (3002 ) 

21 <400> SEQUENCE: 1 

22 gtcgacccac gcgtccgtct tgaaagaata tgaagttgta aagagctggt aaagtggtaa 
taagcaag atg atg gaa tct ggg get cct ata tgc cat acc tgt ggt gaa 

Met Met Glu Ser Gly Ala Pro He Cys His Thr Cys Gly Glu 

25 15 10 

26 cag gtg ggg cat gat gca aat ggg gag eta ttt gtg get tgc cat gag 

27 Gin Val Gly His Asp Ala Asn Gly Glu Leu Phe Val Ala Cys His Glu 

28 15 20 25 30 
tgt age tat ccc atg tgc aag tct tgt ttc gag ttt gaa ate aat gag 
Cys Ser Tyr Pro Met Cys Lys Ser Cys Phe Glu Phe Glu He Asn Glu 

35 40 45 

ggc egg aaa gtt tgc ttg egg tgt ggc teg cca tat gat gag aac ttg 
Gly Arg Lys Val Cys Leu Arg Cys Gly Ser Pro Tyr Asp Glu Asn Leu 
34 50 55 60 

35 

36 — . - - 

37 65 70 75 

38 tct cac etc aac gat tct cag gat gtc gga ate cat get aga cat ate 

39 Ser His Leu Asn Asp Ser Gin Asp Val Gly He His Ala Arg His He 

40 80 85 90 

41 agt agt gtg tec act gtg gat agt gaa atg aat gat gaa tat ggg aat 398 

42 Ser Ser Val Ser Thr Val Asp Ser Glu Met Asn Asp Glu Tyr Gly Asn 

43 95 100 105 HO 
44 



60 
110 



158 



206 



254 



ctg gat gat gta gaa aag aag ggg tct ggc aat caa tec aca atg gca 302 
Leu Asp Asp Val Glu Lys Lys Gly Ser Gly Asn Gin Ser Thr Met Ala 



350 



cca att tgg aag aat egg gtg aag age tgt aag gat aaa gag aac aag 



446 



file://C:\Crf3\Outhold\VsrI980043.htm 



3/27/02 



Page 2 of 7 



RAW SEQUENCE LISTING 

PATENT APPLICATION: US/09/980,043 



DATE: 03/27/2002 
TIME: 14:51:09 



Input Set : N:\Crf3\RULE60\09980043.raw 
Output Set: N:\CRF3\03272002\I980043.raw 



4 5 


Pro 


T 1 A 

lie 


Trp 


Lys 


Pi. s n 


A TO 

rt± y 


Val 


Lys 


46 










I 1 c 

II J 








47 


aag 


aaa 


aag 


aga 


ant- 
ay L 


C C t 


aag 


act 


48 


Lys 


Lys 


Lys 


Arg 


Ser 


Pro 


Lys 


Ala < 


49 








i on 

1 D U 










50 


aca 


gaa 


cag 


cag 


atg 


gaa 


aaa 


aaa 


51 


Thr 


Glu 


fir*, 

(j in 


Pin 
bill 


M*=»t 


Glu 


Glu 


Lys 


52 






1 *t D 










150 


53 


ctt 


tea 


a +- +■ 

all 


erf- +- 

gtt 


tat 


c ca 


att 


cca 


54 


Leu 


Ser 




Vdl 


±y x 


Pro 


He 


Pro 


55 




1 6 U 










16 5 




56 


gca 


gtg 


a +- r* 


Cl L- L 


atg 


cga 


ctg 


ate 


57 


A "I 

Ala 


vai 


lie 


Tip 

X X C 


Met 


A TO" 

mx y 


Leu 


Val 


58 


17 5 










1 AO 
x o w 






59 


aga 


ata 


aca 


a a +■ 


c Ci- 


gtc 


gat 


agt 


60 


Arg 


lie 


Thr 


As n 


pro 


Val 


Asp 


Ser 


61 










1 y O 








62 


gtc 


ata 


tgt 


gag 


aLL 


tgg 


ttt 


gca 


63 


Val 


lie 


Cys 


LilU 


Tl p 
11c 


T t~ r~i 

irp 


Phe 


Ala 


64 








210 










65 


ccc 


aag 


tgg 


aat 


ect 


g t c 


aat 


aga 


66 


Pro 


Lys 


Trp 


Asn 


Pro 


Va 1 
V cl X 


As n 


A T~a 
tt.x y 


67 






Tic 










230 


68 


gca 


agg 


H . 4- 


gaa 


aga 


gay 


y y u 


aaa 

y ay 


69 


Ala 


Arg 


Tyr 


Glu 


Arg 


bill 


ul j 


Glu 


70 




24 0 










z4 J 




71 


ttt 


ttc 


gtg 


ay l 


a. O L 


at t 


gat 


ccg 


72 


Phe 


Phe 


vai 


Ser 


1 fix 


V Ct X 


As p 


Pro 


73 


O r r 

2 J J 










2 6 0 






74 


gcc 


aa u 


aca 


gtc 


ctt 


tec 


ate 


ctt 


75 


Ala 


Asn 


Thr 


V cl X 


Le u 


Ser 


He 


Leu 


76 










27 5 








77 


gtc 


tec 


tgc 


tac 


rr1~ n 
y uy 


tct 


gat 


aat 


78 


Vdl 


Ser 


^ y o 




Val 


Ser 


Asp 


Asp 


79 








Z Z> \J 










80 


ten 


ClL 


rrf- a 
y Ld 


gaa 


aca 


get 


aaa 


ttt 


81 


Ser 


Leu 


Vdl 


OlU 


Thr 


Ala 


Glu 


Phe 


82 






J U D 










310 


83 


aaa 


aaa 


ttc 


tea 


att 


gaa 


cca 


aga 


84 


Lys 


L Y S 


Phe 


Ser 


He 


Glu 


Pro 


Arg 


85 




320 










325 




86 


aaa 


att 


gat 


tac 


ttg 


aaa 


gac 


aag 


87 


Lys 


He 


Asp 


Tyr 


Leu 


Lys 


Asp 


Lys 


88 


335 










340 






89 


cgt 


aga 


gca 


atg 


aaa 


agg 


gat 


tat 


90 


Arg 


Arg 


Ala 


Met 


Lys 


Arg 


Asp 


Tyr 


91 










355 








92 


gcc 


ctg 


gta 


gca 


aag 


get 


cag 
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93 
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Leu 
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Lys 
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Gin 


Lys 



Glu 
135 
ccg 
Pro 

cgc 
Arg 



ttt 
Phe 
215 
gaa 
Glu 

cct 
Pro 



295 



Cys Lys 
120 

act gaa 
Thr Glu 

tct gca 
Ser Ala 

aac aag 
Asn Lys 

ctg ggc 
Leu Gly 
185 
ttt ggc 
Phe Gly 
200 

tct tgg 
Ser Trp 

acg tat 
Thr Tyr 

tct cag 
Ser Gin 

aag gaa 
Lys Glu 
265 
gtg gac 
Val Asp 
280 

gca get 
Ala Ala 

agg aag 
Arg Lys 

ccg gag 
Pro Glu 

caa cct 
Gin Pro 
345 
gag tac 
Glu Tyr 
360 

cct gaa 
Pro Glu 



Asp Lys Glu 



cca 
Pro 

gag 
Glu 

etc 
Leu 
170 
etc 
Leu 



get 
Ala 

get 
Ala 
155 
aca 
Thr 



caa 
Gin 
140 
teg 
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cca 
Pro 



Asn Lys 
125 

gtt cct 
Val Pro 

gag ccg 
Glu Pro 

tac aga 
Tyr Arg 



ttc ttc 
Phe Phe 



ctg tgg ctt 
Leu Trp Leu 



gtg ttg 
Val Leu 



ate 
He 

ctt 
Leu 
250 
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Pro 
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Glu 
235 
get 
Ala 
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Pro 
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Asp 
220 
agg 
Arg 

ggt 
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ttg 
Leu 
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His 

act 
Thr 
205 
cag 
Gin 



ttc 
Phe 
190 
tct 
Ser 

ttc 
Phe 



ctg teg 
Leu Ser 

gtg gat 
Val Asp 



tat ccc gtc 
Tyr Pro Val 



atg ctt 
Met Leu 

tgg gtt 

Trp Val 
315 
ttt tac 
Phe Tyr 
330 

tct ttc 
Ser Phe 



tea 
Ser 
300 
ccg 
Pro 

ttc 
Phe 

gtg 
Val 



ate 
He 

gat 
Asp 
285 
ttt 
Phe 



act 
Thr 
270 
aaa 
Lys 

gaa 
Glu 



aaa gtc cga 
Lys Val Arg 

gaa gga tgg 
Glu Gly Trp 



ttc tgc 
Phe Cys 

tea cag 
Ser Gin 

aaa gaa 
Lys Glu 
350 
gtt aat 
Val Asn 
365 

act atg 
Thr Met 
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370 375 380 

caa gat gga aca cct tgg cct ggg aat aac aca cgt gat cac cct ggg 
"n Asp Gly Thr Pro Trp Pro Gly Asn Asn Thr Arg Asp Hrs Pro Gly 

385 390 
cat gat tea ggt ctt cct tgg gaa ata ctg gga get cgt gac att gaa 
His Asp ser Gly Leu Pro Trp Glu He Leu Gly Ala Arg Asp lie Glu 
400 405 410 

gga aat gaa eta cct cgt eta gta tat gtc tec agg gag aag aga cct 
Gly Asn Glu Leu Pro Arg Leu Val Tyr Val Ser Arg Glu Lys Arg Pro 
ais 420 425 

ggc tae cag eac cac aaa aag get ggt gea gaa aat get ctg gtg aga 
Gry Tyr Gil His His Lys Lys Ala Gly Ala Glu Asn Ala Leu Val Arg 

435 440 
ata tct gea gta etc aca aat get ccc tac ate etc aat gtt gat tgt 
tl Ser Ala Val Leu Thr Asn Ala Pro Tyr lie Leu Asn Val Asp Cys 

450 455 
gat eae tat gta aac aat age aag get gtt ega gag gea atg tgc ate 
Lp His Tyr Val Asn Asn Ser Lys Ala Val Arg Glu Ala Met Cys lie 

465 470 
ctg atg gae eca caa gta ggt ega gat gta tge tat gtg cag ttc cct 
Leu Met Asp Pro Gin Val Gly Arg Asp Val Cys Tyr Val Gin Phe Pro 

480 485 
caa agg ttt gat ggc ata gat aag agt gat cgc tac gec aat cgt aac 
Til III Phe L P Gly lie Asp Lys Ser Asp Arg Tyr Ala Asn Arg A n 
/ q c 500 505 

gta gtt ttc ttt gat gtt aac atg aaa ggg ttg gat ggc att caa gga 
Val Val Phe Phe Asp Val Asn Met Lys Gly Leu Asp Gly He Gin Gly 

515 520 
cea gta tac gta gga act ggt tgt gtt ttc aac agg caa gea ctt tac 
Pro Val Tyr Val Gly Thr Gly Cys Val Phe Asn Arg Gin Ala Leu Tyr 

530 535 
aac tac ggg cct cct tct atg ccc age tta cgc aag aga aag gat tct 
Gly Tyr Gly Pro Pro Ser Met Pro Ser Leu Arg Lys Arg Lys Asp Ser 

545 550 
tea tec tgc ttc tea tgt tgc tgc ccc tea aag aag aag cct get caa 
Ser Ser Cys Phe Ser Cys Cys Cys Pro Ser Lys Lys Lys Pro Ala Gin 

560 565 570 

aat cea get gag gta tac aga gat gea aaa aga gag gat etc aat get 
Asp Pro Ala 111 Val Tyr Arg Asp Ala Lys Arg Glu Asp Leu Asn A a 

S7S 580 585 

gec ata ttt aat ctt aca gag att gat aat tat gac gag cat gaa agg 
Ala lie Phe Asn Leu Thr Glu He Asp Asn Tyr Asp Glu His Glu Arg 

595 600 605 

tea atg ctg ate tec cag ttg age ttt gag aaa act ttt ggc tta tct 
Ser Met Leu lie Ser Gin Leu Ser Phe Glu Lys Thr Phe Gly Leu Ser 

610 615 620 

tct ate ttc att gag tct aca eta atg gag aat gga gga gta ccc gag 
S fr Val HI lie 111 Ser Thr Leu Met Glu Asn Gly Gly Val Pro Glu 
625 630 635 
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tct gcc 
Ser Ala 
640 
tgt ggc 
Cys Gly 
655 

tat ggg 
Tyr Gly 

cga gga 
Arg Gly 

gga tct 
Gly Ser 

tgg get 
Trp Ala 
720 
tgg tac 
Trp Tyr 
735 

tat ata 
Tyr lie 

tat tgc 
Tyr Cys 

cca acg 
Pro Thr 

tec ate 
Ser lie 
800 
att gaa 
He Glu 
815 

tea gcc 
Ser Ala 



aac tea 
Asn Ser 

tat gaa 
Tyr Glu 

tea gtc 
Ser Val 

tgg aga 
Trp Arg 
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Ala Pro 
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cca ttc 
Pro Phe 
645 
aag act 
Lys Thr 
660 

gag gat 
Glu Asp 

att tac 
He Tyr 

aac ctg 
Asn Leu 

gtg gaa 
Val Glu 
725 
gga ggc 
Gly Gly 
740 

gtg tac 
Val Tyr 

gca gtt 
Ala Val 

ctg gca 
Leu Ala 



gta 
Val 



gat tta 
Asp Leu 

cat etc 
His Leu 



ggc 
Gly 

gaa 
Glu 

cca 
Pro 

gat 
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ttt ggg 
Phe Gly 
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act 
Thr 

tgg 
Trp 

ttt 
Phe 
835 
aac 
Asn 
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gcg gtg 
Ala Val 
805 
cgt aat 
Arg Asn 
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Ala Val 
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Phe Thr 
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Tyr Met 
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He He 
885 
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Trp 
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Phe 
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775 
atg 
Met 

gag 
Glu 

caa 
Gin 



gaa gcg 
Glu Ala 

gga aaa 
Gly Lys 
665 
agt ggc 
Ser Gly 
680 

ccc gta 
Pro Val 

aga ttg 
Arg Leu 

ttt age 
Phe Ser 



aaa 
Lys 

aca 
Thr 
760 
etc 
Leu 



tgg 
Trp 
745 
tec 
Ser 

acc 
Thr 



ctg ttt 
Leu Phe 



att 
He 
650 
cag 
Gin 

ttc 
Phe 

agg 
Arg 

cac 
His 

aga 
Arg 
730 
etc 
Leu 

etc 
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gga 
Gly 

ctt 
Leu 



caa gtc ate ggc 
Gin Val He Gly 



att ggt 
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Lys Met 
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700 
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Gin Val 
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cac tgt 
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Val 
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Val 
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Met 
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Leu Arg 

ttc tgg 
Phe Trp 
825 
gga ttc 
Gly Phe 
840 

gca aaa 
Ala Lys 
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teg ggt 
Ser Gly 
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tgg 

Trp 
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gtg 
Val 

tta 
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gca 
Ala 
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Thr 
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Cys 
890 
cct 



caa 
Gin 

cct 
Pro 

aaa 
Lys 

ggc 
Gly 
795 
age 
Ser 



agg 
Arg 

etc 
Leu 

ttc 
Phe 
780 
etc 
Leu 



tgg ata 
Trp He 
670 
cac tgc 
His Cys 
685 

ttc aaa 
Phe Lys 

etc cga 
Leu Arg 

ccc etc 
Pro Leu 

ctt gcg 
Leu Ala 
750 
att gcc 
He Ala 
765 

ate ata 
He He 

ttt ate 
Phe He 



ggt gtc age 
Gly Val Ser 



ate gga 
He Gly 

aaa atg 
Lys Met 

gcc gaa 
Ala Glu 
860 
ctt ttg 
Leu Leu 
875 

get gga 
Ala Gly 



ggt gtt 
Gly val 
830 
ttg get 
Leu Ala 
845 

gat gca 
Asp Ala 

att cct 
He Pro 

ttc tct 
Phe Ser 



etc ttt ggc aag 
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Asp Ala Leu Asn Lys Gly Tyr Glu Ala Trp Gly Pro Leu Phe Gly Lys 
895 900 905 910 

gtg ttc ttt get ttc tgg gtg att ctt cat etc tat eca ttc ctt aaa 
Val Phe Phe Ala Phe Trp Val lie Leu His Leu Tyr Pro Phe Leu Lys 

915 920 925 

ggt eta atg ggt egc caa aac eta aca eca acc att gtt gtt etc tgg 
Gly Leu Met Gly Arg Gin Asn Leu Thr Pro Thr lie Val Val Leu Trp 

930 935 940 

tea gtg ctg ttg gec tct gtc ttc tct etc gtt tgg gtc aag ate aat 
Ser Val Leu Leu Ala Ser Val Phe Ser Leu Val Trp Val Lys lie Asn 

945 950 955 

eca ttc gtt aac aaa gtt gat aac acc ttg gtt geg gag acc tgc att 
Pro Phe Val Asn Lys Val Asp Asn Thr Leu Val Ala Glu Thr Cys lie 

960 965 970 

tec att gat tgc tgagctacct ccaataagtc tctcccagta ttttggggtt 
Ser lie Asp Cys 
97 5 

acaaaaectt tgggaattgg aatatgatec tcgttgtagt ttccctcaag aaagoacata 
tcgctgtcag tatttaaatg aactgeaaga tgattgttct ctatgaagtt ttgaacagtt 
tgaaatgata ttatgttaaa atacaggttt tgattgtgtt gaaaaaaaaa aagaaaaaaa 

aaaaaaaaaa 
SEQ ID NO: 2 
LENGTH: 978 
TYPE: PRT 

ORGANISM: Populus tremuloides 

MefMe? Glu Ser Gly Ala Pro lie Cys His Thr Cys Gly Glu Gin Val 

5 10 15 

Gly His Asp Ala Asn Gly Glu Leu Phe Val Ala Cys His Glu Cys Ser 

20 25 30 

Tyr Pro Met Cys Lys Ser Cys Phe Glu Phe Glu lie Asn Glu Gly Arg 

35 40 45 

Lys Val Cys Leu Arg Cys Gly Ser Pro Tyr Asp Glu Asn Leu Leu Asp 

50 55 60 

Asp Val Glu Lys Lys Gly Ser Gly Asn Gin Ser Thr Met Ala Ser His 
65 70 75 80 

Leu Asn Asp Ser Gin Asp Val Gly lie His Ala Arg His He Ser Ser 

85 90 95 

Val Ser Thr Val Asp Ser Glu Met Asn Asp Glu Tyr Gly Asn Pro lie 

100 105 11° 

Trp Lys Asn Arg Val Lys Ser Cys Lys Asp Lys Glu Asn Lys Lys Lys 

115 120 I 25 

Lys Arg Ser Pro Lys Ala Glu Thr Glu Pro Ala Gin Val Pro Thr Glu 

130 135 140 

Gin Gin Met Glu Glu Lys Pro Ser Ala Glu Ala Ser Glu Pro Leu Ser 
145 150 I 55 16 ° 

lie Val Tyr Pro lie Pro Arg Asn Lys Leu Thr Pro Tyr Arg Ala Val 

165 170 175 

lie lie Met Arg Leu Val lie Leu Gly Leu Phe Phe His Phe Arg He 
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